Introduction
Phosphonates are characterised by a direct covalent phosphorus to carbon bond, making them extremely stable against enzymatic cleavage, while at the same time being the reason for their potent bioactivity. 1, 2 Their favourable properties led to the use of both synthetic and biogenic phosphonates in medicine and agriculture. Among the economically most important phosphonates phosphinothricin (1), 3 used as a herbicide and fosfomycin (2), 4 utilised as a clinical antibiotic should be mentioned (Fig. 1 ).
Fosmidomycin (3) is clinically evaluated for the treatment of malaria alone and in combination therapy, but has not yet reached the market. 5 Despite these useful properties, phosphonates were thought to have little environmental importance for a long time. Lately, phosphonate catabolism in marine environments was shown to heavily influence the global phosphate and carbon cycle, 6 contradicting this theory. Biodegradation of methylphosphonic acid was shown to be the major source of methane under aerobic conditions in ocean surface waters. In general, phosphonate degradation was shown to be quite common among microbes: studies on the distribution of the genes responsible for phosphonate breakdown in marine environments showed 40% of the studied bacterial genomes to contain one or more pathways for phosphonate degradation. 7 This is not surprising regarding the low solubility of inorganic phosphate at ambient temperature and neutral pH 8 and the fact that phosphorus is a vital nutrient for all life forms. Dissolved organic phosphates (DOP) often represent the only available source of phosphate in marine ecosystems. Therefore, nature evolved mechanisms to use them as a source of inorganic phosphate. DOPs mainly consist of phosphate esters (which are easy to hydrolyse), but also contain about 25% phosphonates, which can be used as a phosphate source too. 9 Very specialised strategies are necessary to cleave the intrinsic C-P bond. This seemingly simple transformation is always the result of very unusual enzymatic pathways, of which three general types are known at present. 2, 10 While the most important pathway, called the C-P lyase pathway, follows a radical mechanism and has a very broad substrate scope, the two other known pathways (hydrolytic cleavage and oxidative cleavage) have a very narrow substrate specificity. There is also striking evidence for the existence of other, until now unknown pathways.
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In this article we describe the synthesis of three interesting target structures (Fig. 2 ), which will be used to study the catabolism of fosfomycin by Rhizobium huakuii PMY1, which is a microorganism that is able to use fosfomycin as the sole phosphorus and carbon source. 12 We focus on the possibility of hydrolytic cleavage of the C-P bond by attack of an active site nucleophile of a hydrolase at the phosphorus atom after activation. This hypothesis is based on the findings of Quinn et al. who reported the isolation of Rhizobium huakuii PMY1. 12 To unravel the stepwise mineralisation of fosfomycin, they prepared putative intermediates of the catabolic pathway, among those also some isotopically labelled compounds. 13, 14 The synthesised compounds were tested as phosphorus/carbon source for the bacterium. Furthermore, cell lysates were incubated with the compounds. These initial studies revealed the first aspects of fosfomycin metabolism by R. huakuii PMY1. It was shown that the first enzymatic step in its breakdown is a region-and stereospecific net opening of the epoxide ring by water at C-2 to give (1R,2R)-1,2-dihydroxypropylphosphonic acid (4) (Scheme 1).
The detailed mechanism for this process remains unknown. Of all other tested compounds none supported the growth of a culture of R. huakuii PMY1, except hydroxyacetone (8) . However, in vitro C-P bond cleavage activity was detected with racemic 1-hydroxy-2-oxopropylphosphonic acid (5, see Fig. 2 for the (R)-enantiomer).
14 The experiments with the labelled compounds support the hypothesis that 4 is oxidised to the corresponding 2-oxo compound 5. 13 As it has a carbonyl group in the β-position to the phosphonic group, a hydrolytic mechanism for the cleavage of the C-P bond is indicated. 7 This hypothesis forms the basis of our synthetic experiments.
Results and discussion

Proposed biodegradation pathway for fosfomycin
Based on the findings from the above described studies, 13, 14 we suggest a hypothetical biodegradation route for fosfomycin in Rhizobium huakuii PMY1 (Scheme 1) following a hydrolytic mechanism. We assume that dihydroxypropylphosphonic acid (R,R)-4 is formed by opening of the epoxide ring by an NAD + dependent dehydrogenase to give (R)-1-hydroxy-2-oxopropylphosphonic acid [(R) -5] . The subsequent C-P bond cleavage yielding hydroxyacetone and phosphate is presumed to involve iminium ion 6. The latter is generated as an intermediate from the ω-amino group of an active site lysine of the putative hydrolase and the carbonyl group of (R)-5. This iminium ion is reminiscent of a similar one detected during the C-P bond cleavage of phosphonoacetaldehyde by phosphonatase.
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Here we present the synthesis of three compounds that can be used to study the final C-P bond cleavage step in the catabolism of fosfomycin by R. huakuii PMY1.
In previous studies a cell lysate released inorganic phosphate from racemic 1-hydroxy-2-oxopropylphosphonic acid [(±)-5], indicating conversion by an enzyme of R. huakuii PMY1.
14 However, (±)-5 did not support the growth of this bacterium. As the (R)-enantiomer is most probably formed in vivo from diol 4 by a dehydrogenase, it was assumed that either cellular uptake did not take place or that the (S)-enantiomer acts as a growth inhibitor. 14 Therefore, both enantiomers of 5 will be needed to test them with a cell lysate and a growing culture of the bacterium separately. It is noteworthy that hydroxypropylphosphonate epoxidase (HppE) catalysing the final step of fosfomycin biosynthesis transforms both diastereomeric (1R,2R/S)-1-hydroxy-2-aminopropylphosphonic acids into (R)-5 in vitro. 16 An alternative to (R)-5 would be the use of a pro-metabolite. We reasoned that (R,R)-2-amino-1-hydroxypropylphosphonic acid [(R,R)-16] could be a potential precursor for (R)-5, as it could be converted by a transaminase. No phosphate was released from (R,R)-16 (for the structure see Scheme 5) as the sole carbon and phosphorus source in growth experiments. 17 However, there was a small detectable C-P cleavage activity with cell-extracts. It is likely that the putative precursor did not enter the bacterial cells. Thus, we envisaged a potential biochemical precursor, which will possibly be incorporated more easily by R. huakuii PMY1. Bacteria contain a number of transporters for amino acids, di-, tri-and oligopeptides. For example, the phosphonic acid analogue of L-alanine, a bactericidal compound, was incorporated into di-, tri-and tetrapeptides to extensively study its facilitated uptake and release by bacteria. 18 Also, phosphinothricin (1), a widely used herbicide, easily enters bacterial cells as the tripeptide bialaphos with two L-alanines attached to the amino group. 19 This tripeptide is split inside the cells by a peptidase to release phosphinothricin, the inhibitor of glutamine synthetase. Similarly, to facilitate the uptake of (R,R)-16 by R. huakuii PMY1, 20 it was converted to its dipeptide (1R,2R,2′S)-10 with alanine ( Fig. 2 ). For simplicity, we started with the most simple pro-metabolite, a dipeptide. However, in case this is not incorporated by R. huakuii PMY1, we will aim for the corresponding tripeptide.
As described above, we presume that the cleavage of the C-P bond of 1-hydroxy-2-oxopropylphosphonic acid (5) involves the formation of an imine (see Scheme 1). The latter is probably protonated (6) to facilitate the attack of an active site nucleophile at the phosphorus atom (7) in analogy to phosphonatase-catalysed reactions. 21 Thus, C-P bond cleavage is induced by the formation of a Schiff's base. To prove this hypothesis, we decided to prepare a putative enzyme inhibitor. We assume that 3,3,3-trifluoro-1-hydroxy-2-oxopropylphosphonic acid (26, Scheme 2) would allow formation of a similar imine as in the case of the nonfluorinated analogue. However, the resulting Schiff's base (27) will be too electron deficient at the nitrogen (because of the electron withdrawing effect of the CF 3 group) to be protonated. The putative hydrolase, covalently modified at the active site lysine, will be blocked. Knowing that (1R,2R)-dihydroxypropylphosphonic acid [(1R,2R)-4] is taken up by R. huakuii PMY1 and metabolised, we opted for the synthesis of its racemic 3,3,3-trifluoromethyl analogue (9) as a stable precursor for 3,3,3-trifluoro-1-hydroxy-2-oxopropylphosphonic acid (26) . Oxidation of 9 inside the cell is proposed to occur upon the action of the same dehydrogenase, which is proposed to convert 4 to 5 (compare Scheme 1 and 2).
If the enzyme performing cleavage of the C-P bond is blocked, accumulation of (R)-3,3,3-trifluoro-1-hydroxy-2-oxopropylphosphonic acid (26) would be a possible detectable consequence. This would be additional information pointing towards the presented mechanism of C-P bond cleavage as the final steps in fosfomycin degradation by R. huakuii PMY1.
(R)-and (S)-1-Hydroxy-2-oxopropylphosphonic acid
Here we describe only the synthesis of the (R)-enantiomer of 5, as the (S)-enantiomer can be prepared similarly just before use. The synthesis of (R)-1-hydroxy-2-oxopropylphosphonic acid [(R)-5] was accomplished in 5 steps from racemic dimethyl 1-hydroxy-2-methylallylphosphonate [(±)-12], which was obtained by a literature procedure from methacrolein and dimethyl phosphite (Scheme 3). 14 The crude racemate (±)-12 was resolved into its enantiomers using Noe's lactol, 22 which reacts with alcohols in the presence of a catalytic amount of pTSA. 23 Here, a mixture of three diastereomeric acetals was formed. The major components were the two axially 22 substituted acetals 13a and 13b, which are favoured due to the anomeric effect. They were separated by flash chromatography. Only one equatorially substituted acetal was observed in trace amounts. It was easily removed from the major ones. The yield of the two main products varied slightly depending on whether Noe's lactol was used in its monomeric
form for the derivatisation. In general the monomer gave slightly higher yields (27 and 19% isolated yield for 13a and 13b, respectively). The Scheme 2 Proposed inhibition mode of fosfomycin catabolism by (±)-(R*,R*)-9 in R. huakuii PMY1.
Scheme 3 Chiral resolution of (±)-12 using Noe's lactol.
enantiomeric hydroxyphosphonates (+)-and (−)-12 were then obtained by deprotection of the two acetals 13a and 13b, with pTSA·H 2 O in a mixture of methanol and CH 2 Cl 2 (82% and 86% yield). Esterification of small samples of the enantiomers with (S)-Mosher chloride showed them to be enantiomerically pure (ee > 99%). As the phosphorus atom of the (R)-Mosher ester derived from enantiomer (+)-12 resonated at higher field in the 31 P NMR spectrum than that derived from (−)-12, (+)-12 has (R)-configuration. 24 The levorotary enantiomer, derived from 13b has therefore (S)-configuration. Hydroxyphosphonate (R)-12 was deprotected at the phosphorus atom at 0°C using TMSBr in combination with allyltrimethylsilane (Scheme 4) followed by an aqueous workup with neutralisation and lyophilisation. This furnished the sodium salt of (R)-1-hydroxy-2-methylallylphosphonic acid [(R)-14] in 72% yield. This sodium salt of (R)-14 was ozonolysed at −78°C. Lyophilisation gave the desired sodium salt of (R)-5 as a colourless powder in quantitative yield. Samples of the racemic product (±)-5 were obtained similarly for comparative purposes.
As the sodium salts of (R)-and (S)-1-hydroxy-2-oxopropylphosphonic acid [(R)-and (S)-5] will be used for biodegradation studies, their stability towards racemisation in aqueous media at neutral and basic pH was tested. A sample of racemic (±)-5 was dissolved in D 2 O and the hydrogen/deuterium exchange at C-1 was monitored as a function of time at neutral and basic pH. Surprisingly, racemisation proceeded very slowly at pH 7 at ambient temperature (10-12% during the first 24 h, complete H/D-exchange within 5 days). However, racemisation was faster (50% H/D exchange after 6 h at room temperature) at pH > 8.5.
Further, the stability of the P-C bond was tested at acidic pH. 25 A sample of oxophosphonate 5 was dissolved in D 2 O and acidified to pH 4.5 by addition of DCl/D 2 O. The phosphonate/ phosphate ratio was determined by 31 P NMR spectroscopy, which showed formation of less than 5% phosphate from the phosphonate within the first 24 h. These findings suggest that the enantiomers of 1-hydroxy-2-oxopropylphosphonic acid (5) are stable for biological experiments at or around pH 7.
A phosphonic acid dipeptide The latter was prepared from Z-L-alanine and benzotriazole in 88% yield. Aminophosphonic acid (R,R)-16 and activated L-alanine (S)-18 were coupled in a mixture of CH 3 CN/H 2 O (7 : 3) in the presence of one equivalent of Et 3 N to give the Z-protected dipeptide 19 in 54% yield. An unidentified by-product and unreacted aminophosphonic acid were detected in the reaction mixture. The unknown by-product could neither be removed from the Z-protected dipeptide 19 nor could its formation be suppressed.
Finally, the Z-group was removed hydrogenolytically at 50 psi using Pd on charcoal (10% Pd) as a catalyst to give (1R,2R,2′S)-10 as a white solid (87% yield). Crystallisation of the dipeptide from H 2 O/MeOH removed the major portion of all impurities at the expense of yield.
A potential trifluorinated inhibitor of P-C bond cleavage in fosfomycin biodegradation
Racemic (R*,R*)-3,3,3-trifluoro-1,2-dihydroxypropylphosphonic acid [(±)-(R*,R*)-9] was prepared from commercially available trifluoroacetaldehyde hydrate (20) and NaCN in six steps (Scheme 6).
This dihydroxyphosphonate has already been synthesised by dihydroxylation of diethyl E-3,3,3-trifluoroprop-1-enylphosphonate with OsO 4 28 or KMnO 4 . 29 We developed this new access as it will allow the synthesis of the compound labelled at C-1 with 13 C derived from Na 13 CN. First sodium cyanide was added to trifluoroacetaldehyde at 0°C under acidic conditions. The crude, racemic trifluorinated hydroxynitrile (±)-21 was distilled (62% yield, as judged by 1 H NMR spectroscopy) and used for the next step immediately. Due to the low stability of hydroxynitrile (±)-21, the hydroxyl group was protected using chlorotriisopropylsilane/imidazole. Protection proceeded in 87% yield and the resulting product (±)-22 was purified by flash chromatography and stored at room temperature. The TIPS-protected hydroxynitrile was subsequently reduced to the corresponding aldehyde 23 with DiBAl-H at −78°C followed by acidic workup. The isolated, crude aldehyde 23 was not purified by flash chromatography, as it decomposed on silica gel. Therefore, diethyl trimethylsilyl phosphite was added to a solution of the aldehyde at −78°C (Abramov reaction). The reaction mixture was allowed to warm to room temperature overnight and the TMS groups of the resulting α-(trimethylsiloxy)phosphonates were removed by addition of a few drops of concentrated HCl to the ethanolic reaction mixture. A mixture of two racemic, diastereomeric phosphonates, 24a (43%, less polar) and 24b (10%, more polar) resulted, which was easily separable by column chromatography. The configurations of 24a and 24b could be assigned after TIPS deprotection (see the following paragraph).
Attempted removal of the TIPS group from the less polar (and major) phosphonate 24a with concentrated HF (40%) in acetonitrile caused its decomposition. Therefore, desilylation was performed under milder conditions with in situ generated HF from a mixture of potassium fluoride and benzoic acid in acetonitrile at 75°C for 24 h. The diol (1R*,2R*)-25a could be purified by flash chromatography to give a colourless, crystalline solid.
The more polar (and minor) phosphonate 24b was deprotected similarly. The obtained diol 25b could be crystallised from heptanes/dichloromethane to give colourless crystals, which were suitable for X-ray crystallography. It showed that the two hydroxyl groups are anti-orientated (see the ESI †). This findings allowed assignment of the (1R*,2R*)-configuration to 24a and the (1R*,2S*)-configuration to 24b as given in Scheme 6. Satisfyingly, the major isomer 25a is the one needed for studying C-P bond cleavage. Only this phosphonate was deprotected using bromotrimethylsilane and allyltrimethylsilane in 1,2-dichloroethane at room temperature over a period of three days. Aqueous workup with the addition of NH 3 , followed by lyophilisation gave the ammonium salt of (1R*,2R*)-3,3,3-trifluoro-1,2-dihydroxypropylphosphonic acid [(1R*,2R*)-9], in 83% yield. 4 (500 mL), followed by heating with a heat gun. In case an amino-functionality was present in the molecule, the spots were visualised by dipping the plate into a solution of ninhydrin (0.2 w/v%) in ethanol followed by heating with a heat gun. Flash (column) chromatography was performed with Merck silica gel 60 (230-400 mesh).
Experimental section
Preparation of the sodium salt of (R)-1-hydroxy-2-oxopropylphosphonic acid [(R)-5] (±)-Dimethyl 1-hydroxy-2-methylallyllphosphonate [(±)-12].
A methanolic solution of NaOMe (0.1 mL, sat.) was added to a stirred solution of methacrolein (11, 0.701 g, 0.83 mL, 10.0 mmol) and dimethyl phosphite (1.10 g, 0.92 mL, 10.0 mmol) in Et 2 O (20 mL) at −35°C under argon. After 30 min concentrated H 2 SO 4 (4 drops) was added. The reaction mixture was allowed to warm to room temperature and the solvent was removed under reduced pressure. The crude substance was dissolved in a mixture of toluene-CH 2 Cl 2 (10 mL, 1 : 1), filtered and dried in vacuo to yield α-hydroxyallylphosphonate (±)-12 (1.579 g, 88%) as a colourless oil. The product was used for the following reaction without further purification. The recorded spectra are identical to those reported in the literature; 14 1 mmol) in a mixture of dry CH 2 Cl 2 (30 mL) and dry methanol (9 mL) at room temperature. The resulting solution was stirred for 2.5 h before addition of a spatula tip of solid NaHCO 3 . Stirring was continued for 10 min, and then the reaction mixture was filtered and concentrated under reduced pressure. These NMR data allow assignment of the (R)-configuration to (+)-12 and (S) to (−)-12.
Sodium salt of (R)-1-hydroxy-2-methylallyphosphonic acid [(R) -14] . Allyltrimethylsilane (0.503 g, 0.64 mL, 4.4 mmol) and bromotrimethylsilane (1.183 g, 1.02 mL, 7.7 mmol) were added to a stirred solution of dimethyl phosphonate (R)-12 (0.235 g, 1.3 mmol) in 1,2-dichloroethane (2.3 mL) under argon at 0°C. Stirring was continued for 1 h at 0°C. All volatile components were removed under reduced pressure and the residue was dissolved in H 2 O (10 mL). After adjusting the pH to 7 with aqueous NaOH (1 M), the resulting solution was lyophilised to yield the sodium salt of (R)-14 as a white powder (0.184 g, 72%, yield was calculated for the disodium salt); [ 
(s).
Sodium salt of (R)-1-hydroxy-2-oxopropylphosphonic acid [(R) -5] . The sodium salt of α-hydroxyallylphosphonic acid (R)-14 (0.139 g, 0.7 mmol) was dissolved in H 2 O (0.7 mL) and the solution was diluted with methanol (7 mL). Ozone was bubbled through the stirred solution at −78°C for 4 min until the reaction mixture turned cobalt blue. Subsequently air was bubbled through the solution to remove excess ozone. Ph 3 P (0.186 g, 0.7 mmol) dissolved in CH 2 Cl 2 (1 mL), was added and stirring was continued at −78°C for 10 min. The cooling bath was removed and the mixture was allowed to come to room temperature. The solvent was removed under reduced pressure and the residue was dissolved in water (7 mL). The resulting solution was extracted with CH 2 Cl 2 (3 × 7 mL) and residual organic solvents were removed from the aqueous phase under reduced pressure. The pH of the remaining solution was adjusted to 7 with aqueous NaOH (0. 
Preparation of (+)-N-[(S)-alanyl]-(1R,2R)-2-amino-1-hydroxypropylphosphonic acid [(1R,2R,2′S)-10]
Benzotriazole-activated Z-(S)-alanine [S- (18) ]. 33 Benzotriazole (2.702 g, 22.7 mmol) was dissolved in dry CH 2 Cl 2 (150 mL) and thionyl chloride (0.594 g, 0.36 mL, 5.0 mmol) was added dropwise. The resulting solution was refluxed for 30 min and then cooled to room temperature by means of an ice bath. Z-(S)-Alanine (17, 1.116 g, 5.0 mmol) was added at once and the reaction mixture was stirred at room temperature for 3.5 h. During the course of the reaction a white precipitate was formed. The mixture was extracted with aqueous solutions of Na 2 CO 3 (3 × 60 mL, 5% in water) and NH 4 Cl (2 × 60 mL, sat. 
0 mmol] was suspended in a mixture of water (10 mL) and ethanol (15 mL). Pd (180 mg, 10% on charcoal) was added as a catalyst and the Z-group was removed by hydrogenolysis (50 psi, 2 h). The catalyst was removed by filtration through Celite (moistened and rewashed with water/ethanol 1 : 1). The filtrate was concentrated in vacuo to give a white solid (0.196 g, 87%) which was purified by crystallisation. The product was suspended in methanol (2.0 mL) and drops of water were added until a clear solution was obtained, which was stored at 4°C to give colourless crystals of the desired phosphonodipeptide (1R,2R,2′S) 62 (s, 97 mol%, product), 15.53 (s,  3 mol%, unknown impurity) .
Preparation of the ammonium salt of (±)-(1R*,2R*)-3,3,3-trifluoro-1,2-dihydroxypropylphosphonic acid [(±) -9] (±)-3,3,3-Trifluoro-2-hydroxypropanenitrile [(±) -21] . Sodium cyanide (1.862 g, 38 mmol) was dissolved in water (10 mL) and the resulting solution was cooled to 0°C. After dropwise addition of trifluoroacetaldehyde hydrate (20, 3 .064 g, 20 mmol, 75 w/w% in water) and H 2 SO 4 (13 mL, 3 M), the solution was stirred for 24 h at room temperature. The reaction mixture was extracted with ethyl acetate (4 × 20 mL). The combined organic layers were dried (Na 2 SO 4 . DiBAl-H (4.92 mL, 1 M solution in hexanes) was added to a stirred solution of (±)-3,3,3-trifluoro-2-(triisopropylsiloxy)propanenitrile [(±)-22, 1.141 g, 4.1 mmol] in dry toluene (12 mL) at −78°C under argon. The resulting reaction mixture was stirred at −78°C for 1 h. Then Et 2 O (30 mL), an aqueous solution of NH 4 Cl (30 mL, sat.) and H 2 SO 4 (20 mL, 1.5 M) were added to the cooled solution and the resulting biphasic mixture was stirred at room temperature for 20 min. The phases were separated and the aqueous layer was extracted with Et 2 O (3 × 20 mL). The combined organic portions were washed with water (30 mL), dried (MgSO 4 ) and concentrated under reduced pressure. The residue was dissolved in dry toluene (20 mL) and concentrated again to remove residual water. The oily residue was dried in vacuo to give the crude aldehyde (±)-23 (0.934 g, 80%) as an oil. The crude product was used without further purification in the following step; δ H (400. 27 (±)-(1R*,2R*)-and (±)-(1R*,2S*)-Diethyl 3,3,3-trifluoro-1-hydroxy-2-(triisopropylsilyloxy)-propylphosphonate [(±)-(1R*,2R*)-24a and (±)-(1R*,2S*)-24b]. Diethyl trimethylsilyl phosphite (1.451 g, 6.9 mmol, 1.58 mL) was added dropwise to a stirred solution of (±)-3,3,3-trifluoro-2-(triisopropylsiloxy)propanal [(±)-23, 1.612 g, 5.7 mmol] under argon at −78°C in dry toluene (20 mL). The mixture was allowed to warm up to room temperature and stirring was continued for 15 h. Then, it was concentrated under reduced pressure and dried in vacuo. The residual oil was dissolved in ethanol (30 mL) and concentrated HCl (11 drops) was added. The solution was stirred for 2 h at room temperature and then concentrated under reduced pressure. Water (10 mL) was added and the mixture was extracted with ethyl acetate (3 × 20 mL). The combined organic phases were dried (MgSO 4 ) and concentrated under reduced pressure to yield a mixture of the two racemic, diastereomeric, hydroxyphosphonates 24a and 24b.
The diastereomers were separated by flash chromatography [hexanes-acetone 3 : 1, R f (1R*,2R*-24a) 0.21, R f (1S*,2R*-24b) 0.13] to yield (±)-(1R*,2R*)-24a (0.858 g, 43% calculated starting from 22) and (±)-(1S*,2R*)-24b (0.154 g, 10% calculated starting from 22).
(±)-(1R*,2R*)-24a. 
Conclusions
In order to unravel the biodegradation pathway of fosfomycin, which is a biogenic phosphonate of high medicinal importance a set of three phosphonic acids was synthesised. These will help to either underpin or rule out our hypothesis for the final step in fosfomycin metabolism: the cleavage of the C-P bond. The synthesised compounds will be used as probes in future experiments with cell lysates and growing cultures of R. huakuii PMY1, a bacterium which is able to use fosfomycin as the sole phosphorus and carbon source.
